Microcomplement fixation was employed to compare the immunological differences that occur between purified inhibitor I from potato tubers, the four purified protomers that comprise it, and inhibitor I from tuber and leaf extracts. Total inhibitors of chymotrypsin and trypsin in leaves of seven genera of the Solanaceae were identified by enzymatic assay. In leaves of three genera, Solanum, Lycopersicum, and Datura, chymotrypsin inhibitor I was identified immunologically. In petals of all seven genera inhibitor I was also identi- 
MATERIALS AND METHODS
Bovine alpha chymotrypsin and trypsin were purchased from Worthington. Benzoyl-L-arginine methyl ester was purchased from the British Drug House, Ltd. and TAME' from Nutritional Biochemical Corp.
Inhibitor I employed in complement fixation assays was "dissociation-purified inhibitor I" (6) prepared from the juice of white potatoes. Inhibitor I subunits (called A, B, C, and D) were purified as described previously (6) . Inhibitor I used for preparing anti-inhibitor I serum was four times crystallized by the method of Balls and Ryan (1) . This method of preparation preferentially crystallizes a protomer species of inhibitor I that resembles protomer type C. Microcomplement fixation was performed by the method of Levine (4) . Rabbit anti-inhibitor I serum was obtained from 4-to 5-lb rabbits by biweekly subcutaneous injections of 1 mg of four times crystallized inhibitor I emulsified in 1.0 ml of complete Freund's adjuvant. After six injections the rabbits were allowed to rest at least 3 months before resuming injections for 2 more weeks. Ten days after the final injection, blood was collected from an ear vein. The serum was recovered by centrifugation and stored at -20 C. Serum used for complement fixation was heated to 60 C for 20 min to remove complement. The antiserum produced a single sharp precipitin band in both Ouchterloney and immunoelectrophoretic assays with pure inhibitor, potato tuber juice, and potato leaf juice (10) .
Plants were grown from seed in a greenhouse under natural light during the summer months. Flower petals were removed from young plants for analysis during the first flowering. Only freshly blossomed fiowers were used. Expanding young leaves were utilized from plants 3 to 6 weeks old and were usually removed from the third or fourth petiole down from the apex. Extracts of leaves or flower petals were made for complement fixation by macerating the tissue with a ceramic mortar and pestle at 50 and expressing the juice with a hand garlic press followed by centrifugation at 144,000g at 0 C for 1 hr in a Spinco Model L ultracentrifuge. The clear supernatant was used for assay. For enzymic analysis of inhibitors, 0.1 ml of 1 M ascorbate was added per gram of leaves before maceration. After high speed centrifugation the pH was adjusted to 7.9 with 1 N NaOH and centrifuged at 2000g to clarify.
The following plants were included in the study: Solanum tuberosum, Solanum nigruin, Lycopersicum esculentum, Nicotiana tabacum, Datura stramonium, Petunia hybrida, Atropa belladonna. Physalis floridiana, and Capsicum annuum.
Lighting for constant light studies consisted of Gro-Lux fluorescent lamps supplemented with 60-w incandescent bulbs. A GURUSIDDAIAH, KUO, AND RYAN ratio of one incandescent bulb per four fluorescent lamps (6 ft) was employed.
Chymotrypsin and trypsin were assayed spectrophotometrically by the method of Hummel (3) , with a Beckman Model DB spectrophotometer employing BTEE and TAME as substrates. For assay of inhibitor activity in plant extracts, chymotrypsin or trypsin was incubated with varying amounts of the extracts in a final volume of 0.2 ml of 0.50 mm tris buffer, pH 7.9, for 3 min before substrate was added. The percentage of remaining protease activity was plotted against the amount of leaf juice added. The quantity of extract at 50% inhibition of either chymotrypsin or trypsin was calculated by extrapolating from the linear portion of the plot. The total inhibitory activity in the extracts was calculated and expressed as ,ug enzyme inhibited per ml leaf juice.
Protein was determined spectrophotometrically by the method of Lowry et al. (5) .
Complement fixation was performed by the method of Levine (4) . Results are tabulated in terms of the "index of dissimilarity" (14) relative concentration of antiserum required to react with a given protein to produce a complement fixation curve whose peak is as high as that of the homologous protein (14) .
RESULTS
Complement Fixation of Inhibitor I and Its Isolated Subunit Components. Inhibitor I is a tetramer composed of protomers having molecular weights of about 9500 (6) . The protomers have been separated into four types called A, B, C, and D as they emerge from the column during purification on sulfoethyl cellulose (6) . The protomers are variant forms that are interchangeable in the tetramer. Protomers B and C compose the bulk of inhibitor I and both are powerful inhibitors of chymotrypsin. The amino acid compositions among the four protomer types exhibit considerable differences but all four cross-react in the Ouchterloney assay and are indistinguishable by this assay (6) .
In microcomplement fixation assays significant differences are evident among the four protomer types (Fig. 1 ). The most reactive component is peak C, which most resembles crystalline inhibitor I with which the antiserum was produced. Peaks D, B, and A are less reactive in that order. Purified inhibitor I was also compared to Solanum tuberosum tuber extract in the microcomplement fixation assay (Fig. 2) . A small difference between the two preparations could be detected, the purified inhibitor sample being slightly more reactive. An enrichment of one of the more reactive components of the subunits (C or D) by a loss of the less reactive subunit types (A or B) during purification could account for the small difference observed between them. In Table I the four isolated protomers are compared to purified inhibitor I and tuber and leaf inhibitor I with respect to their indices of dissimilarity. Protomer C was given the value of 1.00 because of its similarity to crystalline inhibitor I with which the rabbits were injected.
Chymotrypsin and Trypsin Inhibitors in Leaves of Various Species of the Solanum family. Previous data had shown that inhibitor I ordinarily was present in low concentrations in tomato or potato leaves (10) . Detachment of the leaves and incubation in light resulted in the accumulation of inhibitor (10) . We therefore assayed intact and detached leaves of the seven Solanaceae genera available to us for their total content of chymotrypsin and trypsin inhibitors and for the presence of inhibitor I specifically. Detached leaves were supplied with water and incubated 72 hr under constant light of 1000 ft-c at 25 C. These conditions were known to induce inhibitor to accumulate in tomato and potato leaves (10) . In Figure 3 is shown a titration curve for soluble potato leaf juice that is typical of the titration curves obtained with the leaf extracts of all species tested.
The jug of chymotrypsin or trypsin inhibited by leaf juice, calculated from titration curves, is shown in Table II Complement Fixation of Inhibitor I in Tissue Extracts. Complement fixation assays of the Solanum tuberosum leaf extract showed a much larger difference in reactivity than tuber extract when compared with purified inhibitor I. The complement fixation data for these extracts are compared in Figure 4 with data for leaf and petal extracts from other genera of the Solanaceae. These genera all gave a greater difference in reactivity toward the anti-inhibitor I serum than potato leaf. Capsicum extracts were also assayed but they contained nonspecific cross-reacting materials which interferred with the complement fixation experiments and were not plotted. Solanum nigrum petals were not available to us at this time, but Physalis and Atropa, not assayed for total inhibitors, were obtained for this part of the study. The slopes of the plots of potato tuber and leaf, tomato leaf, tobacco petal, Atropa petals, and Datura leaf were nearly parallel. The slopes for Physalis and Petunia were parallel with each other but were considerably more negative than the other five slopes. The causes of the differences in the slopes between these two groups is not clear but may be a result of some cross-reacting components that were not detectable in the Ouchterloney double diffusion assay.
The indices of dissimilarity of the various proteins calculated from the plots of Figure 4 , are shown in Table III .
DISCUSSION
The results of complement fixation assays of inhibitor I protomers demonstrated that the four protomers A, B, C, and D show definite differences in their immunological reactivities. 2 Determined enzymically by the method of Hummel (3). 3 Ouchterloney double diffusion assay. 4 Nonspecific cross-reactions prevented analysis.
These differences were not unexpected in view of the significant differences that were previously found in their amino acid analyses, inhibitory capacities toward chymotrypsin and trypsin, and in their stability toward pepsin digestion (6) .
Crystalline inhibitor I was employed as the antigen for producing antiserum for this study. It purified protomer C in several physical and chemical properties (6) . The complement fixation assays demonstrated that protomer C was the most reactive of the four protomers, which also reflects its closer structural similarity to the crystalline inhibitor I than the others. Protomer C was therefore used as the reference protein throughout the complement fixation studies.
Dissociation-purified inhibitor I, containing all four protomer types, and inhibitor I in crude extracts of leaves and tubers, all differed in their indices of dissimilarity. Dissociationpurified inhibitor I apparently has more similarity with tuber inhibitor than with potato leaf inhibitor I (Table I ). The difference between leaf and tuber inhibitor I had previously been observed in immunoelectrophoresis (10) . It is likely that the differences among tuber and leaf inhibitor I reflect a different ratio of protomers and suggests that the variations in protomer composition may be tissue related.
Previous reports have shown that the content of inhibitor I in potato and tomato leaves increases dramatically upon excision, when the leaves are supplied with water in light. Tobacco leaves do not accumulate inhibitor I under these conditions. We were interested in knowing whether inhibitor I could accumulate in leaves of the other Solanaceae genera available to us and to see if the accumulation was specifically inhibitor I or whether other proteinase inhibitors were also accumulating. Table II shows that leaves of all of the genera assayed did not contain inhibitor I, either before or after detachment and incubation in the light. However. all of the leaves did possess conPlant Physiol. Vol. 50, 1972 siderable trypsin and chymotrypsin inhibitors. All, except Capsicum, showed a significant increase in one type or another upon detachment. In those cases where no increase was noted upon detachment, considerable inhibitor was already present.
The inhibitors not related immunologically to inhibitor I account for considerable inhibitory activity in the genera assayed. It is well known that potato tubers contain several different types of proteinase inhibitors (16) . One of these types, inhibitor I, undergoes large concentration changes in tissues of the tuber as well as in leaves during the life cycle of potato plants (11) . It has been shown recently that wounding of potato or tomato leaves causes a profound increase in inhibitor I throughout the entire plant, probably as a defense mechanism against attacking microbes or insects (2) . It is possible that all of the different types of inhibitors present in the Solanaceae family have evolved in response to a variety of microbes or insects that seek to attack them.
Inhibitor I was detected in flower petals of all of the plants studied. The petals were therefore used for complement fixation assays from genera which did not contain inhibitor I in leaves. (8) showed that the ability of a number of proteins (12) to cross-react with homologous proteins in either complement fixation assays or in precipitin reactions requires that 60 to 88% of the primary structure must be intact. If these data apply to inhibitor I protein, then throughout all of the genera studied here a very high percentage of the primary structure of inhibitor I protein has been conserved.
The present study cannot be considered as a taxonomic classification of the Solanaceae genera studied, but should be considererd as evidence for the presence of a highly conserved inhibitor I protein throughout the family and of the relationships of this one protein among these genera. As similar data accumulate for other proteins among these genera and other genera, together with chemical and morphological data, a taxonomic classification based on these relationships can be assembled.
